A new route to the synthesis of novel chiral and achiral maleimides is described. A cheap and readily available exo-Diels-Alder adduct of furan and maleic anhydride 1 reacted with amino acids 2a-d and 4e-i in water under classical heating or microwave irradiation with the release of furan to give maleimides 3a-d and 5e-i in good to excellent yields.
Introduction
Maleimides are an important class of substrates for biological, pharmacological and chemical applications. In biological applications they are used as chemical probes of protein structure, 1 as immunoconjugates for cancer therapy, as solid-supported enzymes for synthetic applications, for the productions of antibodies, 2 in pharmacological applications they are used as analogues of the cyclic tetrapeptide chlamydocin, 3 photoactivatable fluorescein derivatives, 4 naltrexone analogues, 5 or as a new herbicides and pesticides. 6 N- (3, pyrrolidine-2,5-dione (Dimetachlon) is being used as a protective and curative fungicide, 7 and the cycloadduct of N-(3,5-dichlorophenyl)maleimide to furan possesses also considerable fungicidal properties. 8 The maleimide moiety can be used as a versatile platform in synthesis due to Michael accepting ability, dienophilic nature 9 -1 1 as well as a dipolarophile in 1,3-dipolar cycloadditions. dehydration conditions. With the goal of developing simple and efficient methods for synthesis of unnatural analogues of natural products from readily available starting material via 1,3-dipolar or DielsAlder cycloadditions, we have focused our attention to simple and effective synthesis of chiral maleimides as dipolarophiles or dienophiles. Probably one of the best possibilities for utilization of this effort offers the 7-exo-oxohimic anhydride 1. 16 Recently, we have used cheap and readily available exo-Diels-Alder adduct of furan and maleic anhydride 1 as a vehicle, which in turn reacted with hydrochlorides of amino acids in the presence of Et3N with the release of furan to give desired novel chiral maleimides.
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Results and Discussion
In this paper we report a simple synthesis of some N-substituted maleimides 3a-d and 5e-i derived from chiral amino acids 2a-d, and terminal amino acids 4e-i using either microwave irradiation (Scheme 1) or classical heating (Schemes 2 and 3). The two most used methods for the synthesis of the required imides were described. The exo-oxohimic anhydride (1) and S-isoleucine (2a) have been chosen and the reaction was performed under conditions described by Bari 21 for N-phthaloyl glycine by using a domestic microwave oven (DMF, power 500 W, N-methylpyrrolidine as catalyst). In our case, using exooxohimic anhydride (1) resulted only inseparable mixture of products, no signals for cyclic olefin bond could be detected in 1 H and 13 C NMR spectra. The same results have been obtained using toluene and DMSO as solvents or by using silica gel as a solid support. 22 We found that using water as a solvent in the absence of a basic catalyst gave chiral imide 3a in good yield (Method A). Next we tested with success this synthetic route also for other amino acids, and even in the cases of S-alanine (2b), S-serine (2c) and S-tryptophane (2d) it was successful in shorter reaction time (Scheme 1). In contrast, S-glutamic acid and S-threonine even after prolongation of reaction time (90 -120s, 4-6x,) increasing power to 750 W gave only mixture of uncyclized maleamic acid, maleic acid and starting amino acid. The reaction of 1 with aspartic acid offered only inseparable mixture of maleimides and uncyclized maleamic acid.
Scheme 1
All of the maleimides prepared in this way were optically active, providing the first indication, that the relatively harsh reaction conditions had not caused complete racemisation of the amino acid hence 1 H and 13 C NMR spectra of 3a show only one set of signals.
While domestic microwave oven is certainly not a standard equipment, we have tested the above mentioned conditions (water, without catalyst) using conventional heating (Method B). This modified method gave in all cases (Scheme 2) good yields and we were also able to isolate pure N-maleonyl glycine 3e in high yield.
Scheme 2
This cheap and simple method was further successfully applied to the synthesis of maleimides 5e-i -a potential new types of inhibitors of cyclooxygenase 23 (Scheme 3).
Scheme 3
Conclusions
A new route for the synthesis of chiral and achiral maleimides in good to high yields has been developed. This synthetic pathway is very short and simple, using only cheap and available starting materials, reagents, water as a solvent and laboratory equipments. The synthesis of Naminosubstituted maleimides as a possible way for the formation of N-maleonyl di-and polypeptides is in progress.
Experimental Section
General Procedures.
1
H NMR spectra were recorded at 300 MHz on a Varian VXR 300 at 293 K in DMSO. Spectra were internally referenced to HMDS. Peaks are reported downfield of HMDS. Multiplicities are reported as singlet (s), doublet (d), triplet (t), quartet (q), some combination of these, broad (br), or multiplet (m).
13 C NMR spectra were recorded at 75. 
